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The two equilibrium pressures vary also, as I have already said, with va-
riation in the composition of the steel subjected to the cementation. Since in
this case the curve 5 undergoes no displacement whatever, because it must
always correspond to the conditions of equilibrium of the gaseous mixture
with the wood charcoal, the displacements of the points 0 and Q will be
determined exclusively by the displacements of the two straight lines 3 and 4
of Fig. 63.

Now, it is known that these two straight lines are displaced farther
toward the left the more chemically inactive the metal subjected to the ac-
tion of the gaseous mixture. And, since the displacement of the lines 3 and
4 carries with it the raising of the points 0 and Q, it follows that the more
inactive the metal used the wider is the range of "pressures (lower than that
corresponding to the point Q) within which the cementation can be carried
out with the certainty of not producing oxidation of the metal.

Among the metals which frequently form alloys with iron, forming mixed
crystals with it, are manganese, chromium and nickel. The first two are
more active metals than iron, so that with increase in their concentration in
special steels, the temperature remaining constant, the two pressures 0 and
Q, above which the cementation is necessarily accompanied successively
by the two degrees of oxidation of the metal, gradually become lower. For
chromium steels a relatively low chromium content (about 2-3%) is
sufficient for these pressures to become (for not too high temperatures) less
than ordinary atmospheric pressure. This explains the results of the in-
vestigations of Charpy (loc. cit.}, showing them not to be due to the fact
that the gaseous mixture of carbon dioxide and of carbon monoxide acts
"separately on the iron and on the chromium."

Nickel, alloyed with steel, has an effect opposite to that of chromium and
manganese, imparting to the solid solution with the iron, of which it forms a
part, the characters of a metal less active than pure iron, so that the higher
the nickel content of the steel subjected to the cementation the higher are
the pressures which can be reached with the ''mixed cement" without the
oxidation of the metal manifesting itself.

All these deductions are fully confirmed by the results of the experiments
reported in Table I.1                                                               "

For the special steels, therefore, the phenomena with which we are dealing
show effects analogous to those which I have described for the ordinary carbon
steels. Thus, for example, the micrograph reproduced in Fig. 67 represents
(with an enlargement of 185 diameters) a portion of the external edge of a
plane section normal to the axis of the cylinder of the steel " Cr-Ni" cemented
in Experiment XXIV.2 Here, too, the cemented metal is covered with
a layer of oxide in which are fixed particles of carbon.

1 Compare, for example, Experiment VI with XVIII, XI with XV, XVI with XXIV,
etc.

2 Etched with a 5% alcoholic solution of picric acid.